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The approach to patients with indeterminate pulmonary nodules is poorly defined. Should every pul-
monary nodule be biopsied, is needle biopsy adequate, and other questions are challenges. Video as-
sisted thoracic surgery or thoracoscopy has added a new diagnostic possibility which is evaluated in
this paper. Fifty-five patients underwent thoracoscopy for diagnosis of a solitary pulmonary nodule.
There were few complications and mortality was zero. A definitive diagnosis was obtained in all pa-
tients, although one required a second thoracoscopic wedge resection and 10 required conversion to
an open thoracotomy.
As discussed in the paper, thoracoscopy provides the opportunity for safely establishing a defini-
tive diagnosis in all patients with solitary nodules and the authors believe will become a standard part
of the evaluation of these patients.
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INTRODUCTION
The recent surge ofpopularity ofendoscopic or minimally
invasive surgery has brought carcinoma of the lung, the
most common visceral cancer in the United States, into
the arena of thoracoscopy or video assisted thoracic
surgery (VATS), but its role is not yet defined. A possible
therapeutic role with performance of wedge resection as
a definitive treatment of small lung tumors is not promis-
ing, as local recurrence and survival rates indicate that any
resection less than lobar is inadequate forcure oflung can-
cer (Ginsburg, personal communication). Until anatomic
resection such as lobectomy and pneumonectomy are es-
tablished as standard thoracoscopic procedures, it appears
that possible routine roles for thoracoscopy in the care of
lung cancer patients are diagnosis and/or intrathoracic
staging. We, therefore, reviewed our experience with
video assisted resection ofpulmonary abnormalities to as-
sess the diagnostic role ofVATS. A particular interest was
the possibility that VATS might improve early diagnosis
ofnonsmall celllung cancer. Despite excitementovermul-
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timodality therapeutic approaches, little progress has been
made in the improvement of overall survival of lung can-
cer patients. Earlier detection would presumably identify
patients with an earlier stage of disease, thus improving
the possibility of efficacious treatment and cure.
MATERIALS AND METHODS
VATS is performed with a standard 0-degree viewingcam-
eraplaced through a 10-mm port. Additional ports ofvary-
ing size are placed for access as needed. Multiple
retracting and/or grasping instruments are employed and
a 30-mm endostapler is used to perform the wedge resec-
tions. We utilized one-lung anesthesia with a double
lumen endotracheal tube. CO2 insuffiation for lung col-
lapse to aid in visualization has not been required.
The patient is positioned in a lateral decubitus position
and initial access is gained through a midaxillary port, in-
serted after finger inspection to assure the absence oflocal
adhesions between lung and pleura. After deflation of the
ipsilateral lung, the thoracoscope is introduced to visual-
ize the insertion of all subsequent ports. Adhesions are di-
vided with electrocautery. Ports are placed according to
the location of the parenchyma to be biopsied with the
goals of having them spread apart rather than close to-
2526 J. ALBRIGHT et al.
Figure I This schematic drawing illustrates a typical distribution of
ports for access during VATS.
gether and having them oriented with rather than toward
the camera which can lead to an awkward "fencing" sce-
nario. A typical distribution is shown in Figure 1. It is oc-
casionally necessary to enlarge a port access incision to
allow finger palpation of the tissue and/orto facilitate tis-
sue removal.
Table I
Clinical Indication Number Final Diagnosis Number
Solitary Nodule 45
Recurrence/Metastatic
Work-up 10
Small cell carcinoma
Large cell carcinoma 2
Squamous cell carcinoma 3
Bronchoalveolar carcinoma
Adenocarcinoma 9
Lymphoma
Granuloma 11
Histoplasmosis 10
Coccidiomycosis
Pulmonary infarction 3
Inflammation/anthracosis 2
Atelectasis
Confn’mation 6
Squamous cell carcinoma
Large cell carcinoma
Alveolitis
Carcinoid
From April, 1991 through November, 1992, thora-
coscopy was performed on 55 patients for diagnosis of
pulmonary nodules. Our indications for VATS are listed
in Table 1. Another 9 patients, who are not included in
this paper, underwent thoracoscopic lung biopsy for di-
agnosis of a more diffuse, infiltrative pulmonary process,
i.e., an "open" lung biopsy. Eleven patients also under-
went bronchoscopy as part of their preoperative workup,
without definitive diagnosis in 82% (9 of 11 patients).
Percutaneous needle biopsy, using either fluoroscopic or
computed tomographic control, was completed in 10 pa-
tients with a nondiagnosis rate of 80% (8 of 10 patients).
Forty-five of the 55 patients underwent thoracoscopy
for diagnosis of a solitary lung nodule or mass. The lung
lesion was an isolated finding and was initially discovered
by a routine chest x-ray examination or as part ofthe eval-
uation ofnew respiratory symptoms. Treatment for those
proved to have non-small cell lung cancer was effected
following successful diagnostic thoracoscopy. The other
10 patients presented with single ormultiple nodules iden-
tified intheevaluation orfollow-upofpatients withknown
malignant disease. Nine patients had previous treatment
for neoplastic disease including lung, breast, and colon
cancer, malignant melanoma, Wilms tumor, and menin-
gioma. One patient had a clinical stage I nonsmall cell
lung cancer ofthe fight upper lobe and a contralateral, un-
diagnosed 6-mm nodule. Figure 2 provides the radi-
ographic appearance of this patient and is illustrative of
the type of small, peripheral nodule that was present in
most of our patients.
RESULTS
The diagnoses that were obtained are listed in Table 1.
Seventeen ofthe 45 patients with solitary pulmonary nod-
ules were eventually proven to have a malignant etiology,
and 28 had a benign diagnosis established. Of the 10 pa-
tients with known malignant disease, and new single or
multiple nodules, metastatic disease was proven in 6 pa-
tients, nonsmall lung cancer in 2, a carcinoid in 1, and a
benign diagnosis in 1 patient. There were no false-posi-
tive results, but there was one missed lesion. This patient
had a 1.3 cm, intraparenchymal nodule. A blind thoraco-
scopic wedge resection was performed after placement of
a guide wire in the radiology department. No lesion was
found in the removed tissue and a repeat, successful tho-
racoscopy was required.
There were few complications. A total of 10 patients
requiredconversion to an open thoracotomy. In 7, this was
due to the inability to achieve adequate exposure or the
presence ofdense adhesions, preventing full evaluation ofVIDEO ASSISTED THORACIC SURGERY 27
support following thoracoscopy, but made a full recovery.
There was only one inpatient death, in a patient with
metastatic cancer, which was due to multiple organ sys-
tem failure.
Ten patients underwent a standard anatomic resection
(3 pneumonectomy, 7 lobectomy) for nonsmall cell lung
cancer through an open thoracotomy during the same
anesthetic as the diagnostic VATS wedge resection. In
contrast, another four patients elected to await final, per-
manent section analysis of the wedge resection specimen
before making a final commitment to surgical resection.
DISCUSSION
Figure 2 A. This chest CAT scan demonstrates a fight upper lobe
nonsmall cell lung cancer.
Figure 2 B. This chest CAT scan at a lower level in the same patient
demonstrates a peripheral, small left lung nodule. This nodule was
removed by thoracoscopic wedge resection and was proven to be a
primary carcinoid tumor. The patient went on to a curative fight upper
lobectomy.
the pleural cavity. Two tumors were too large to remove
through an intercostal incision. Portal insertion and/or in-
trapleural dissection caused a bronchial tear in one patient
and a thoracotomy was required for an open repair. One
patient suffered a late postoperative pneumothorax, fol-
lowing removal of the chest tube placed during surgery.
One patient required prolonged intubation and ventilatory
The value of endoscopic or minimally invasive surgery is
well documented for disease of the abdominal cavity.
Laparoscopic cholecystectomy is state-of-the-art, with
many other procedures becoming commonplace.
Conventional thoracoscopy has been used for evaluation of
pleural disease for years (Weissburg and Kaufman). With
the advent ofvideo technology, the utilization ofVATS for
performance of intrathoracic procedures is rapidly ex-
panding. The role of VATS in the care of lung cancer pa-
tients, which could include diagnostic, staging, and/or
therapeutic maneuvers, is presently incompletely defined.
Staging procedures would seem to lend themselves to
thoracoscopy. Biopsy of aortopulmonary lymph nodes,
subcarinal, and hilar lymph nodes is possible and may be
shown to be complementary to the use of CAT scanning
and cervical mediastinoscopy. Increasing the accuracy of
clinical staging of intrathoracic disease will aid the ther-
apeutic decision-making process by identifying or ruling
outN 1, N2, and N3 lymph node disease.
Wedge resection of lung cancers has been shown to be
suboptimal treatment for nonsmall cell lung carcinoma.
Excessively high local recurrence rates following even
open wedge resection demonstrates the necessity for re-
section along anatomic lines (Ginsburg, personal com-
munication) Lobectomy with a VATS technique has not
yet been established as either a safe or an adequate can-
cer operation, as thoracoscopic treatment ofnonsmall cell
cancer by anatomic resection is limited by the challenge
of dissecting and controlling vascular structures and the
necessity of a generous incision to permit specimen re-
moval. (Lewis et al.). Accordingly, thoracoscopic ap-
proaches are not now generally believed to be ready to be
considered proven surgical alternatives for curatively in-
tended surgical treatment of nonsmall cell lung cancer.
We evaluated the value of VATS as it relates to diagno-
sis. There are multiple aspects to this. In the case of a soli-
tarypulmonary nodule,VATS wedge resection provides the28 J. ALBRIGHT et al.
entire specimen for histologic examination, thus establish-
ing a certain diagnosis by eliminating the possibility of a
false negative result. If nonsmall cell lung cancer is found,
definitive surgical resection can be performed via a stan-
dard thoracotomy at the same time or can be deferred. If a
benign diagnosis is established, no further cancer follow-
up is required and the patient’s peace of mind is assured.
This benefit is achieved without the necessity of a thora-
cotomy. We are able to establish a definitive diagnosis in
44 of45 patients, an accuracy rate of98%. This allowed in-
stitution ofdefinitive therapy in the cancer patients and def-
initely excluded cancer, and worry, in the other patients.
The diagnostic value of both bronchoscopy and fine
needle aspiration biopsy (FNAB) are well established and
both will continue to have an important role. The major-
ity of our patients had small, peripherally located pul-
monary nodules which accounts for the low diagnostic
yield of these procedures in this group. We propose that
VATS should be used as a standard part of the armamen-
tarium for diagnosis of solitary pulmonary nodules. As
outlined in Figure 3, patients should start with the stan-
dard chest x-ray and CT scan for staging of their disease.
VATS should usually follow a nondiagnostic bron-
choscopy or FNAB. Alternatively, VATS can be consid-
ered as the initial and definitive diagnostic method,
especially for peripheral lesions. Either way, the value of
thoracoscopy is to make a definitive diagnosis.
Our experience demonstrates another diagnostic role
forVATS. That is, for evaluation ofsingle ormultiple lung
nodules in patients with known cancer. Again, the princi-
pal benefit is obtaining the entire specimen for histologic
examination without having to expose the patient to the
discomfort, morbidity, and mortality of a standard thora-
cotomy. FNAB is, again, a reasonable way to begin the
evaluation in these patients. When it is not diagnostic or
when the yield ofFNAB can be predicted to be low, such
as in our patient illustrated in Figure 3, then VATS for de-
finitive wedge resection is appropriate.
LUNG NODULE/MASS
PERIPHERAL
FNAB
POSITIVE NEGATIVE
THERAPY VATS
POSITNE NEGATNE
THERAPY NO FURTHER WAJ
CENTRAL
BRONCHOSCOPY
POSITIVE NEGATIVE
THERAPY FNAB
POSITIVE NEGATIVE
THERAPY VATS
Figure 3 This clinical algorithm depicts an approach to the diagnosis
of lung nodules which incorporates VATS. Thoracoscopic wedge
resectioncan eitherfollow anon-diagnosticbronchoscopy and/orFNAB
orcanbeusedas the initial diagnostic modality,dependingon the clinical
situation.
At present, thoracoscopic identification and biopsy of
pleural based nodules is more straightforward than loca-
tion andremoval ofdeeper seated, intraparenchymal nod-
ules. Many groups are now working to establish reliable
methods to solve this challenge, such as intraoperative ul-
trasound, radiologic fine needle placement, or methylene
blue staining of the overlying lung. With experience, pa-
tience, and the utilization ofthese sophisticated localiza-
tiontechniques, the ability to findandremovetheseburied
nodules will improve.
VATS is a versatile technique. Its safety and effica-
ciousness, which will only improve over time, argue for
its routine use in the diagnosis of lung nodules.
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